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This program involves an inves t iga t ion  of the absorption and t ranspor t  
of z incate  i n  separa tor  membranes, The growth of dendr i t i c  zinc through 
separa tors  i s  cor re la ted  w i t h  the  deposit ion of zinc i n  f r e e  e l e c t r o l y t e  
and the  absorption and t ranspor t  of zincate through the  membranes. 
Radiation Applications, Inc.  (2.2 XH) gives  similar absorption e f f e c t s  
f o r  z inca te  as  do the  other  membranes t e s t ed  during t h i s  program. 
t i o n  of the  sur fac tan t ,  Emulphogene BC-610, does not  a f f e c t  t he  absorpt ion 
of z inca te  i n  cellophane e 
The addi- 
The d i f f u s i v i t y  of z incate  through six membranes was measured. The 
d i f f u s i o n  coe f f i c i en t  f o r  z incate  i n  the  separa tors  t e s t e d  was approximately 
d i r e c t l y  propor t iona l  t o  the  conduct iv i t ies  of the  membranes. 
Zinc pene t ra t ion  tests on various separa tors  i nd ica t e  t h a t  the  over- 
vo l tage  a t  which zinc pene t ra t ion  of the membrane occurs has an inverse 
r e l a t i o n s h i p  t o  the  d i f f u s i v i t y  of z incate  i n  the  membrane. 
The cycl ing of c e l l s  on a scanner, using -150 mV (w.r. t .  t o  a zinc 
r e fe rence )  a s  a cut-off on the  zinc electrode r e su l t ed  i n  pene t ra t ion  of 
c e l l  membranes a f t e r  14 cycles .  
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6 .  GRAPHS 
i v  
-. 0 IlVTRODUC T I O N  
Work t o  date ind ica tes  t h a t  zinc deposi t ion occurs i n  a separa tor  
whenever the  r a t e  of diffusion of z incate  t o  the  metal  subs t r a t e  f'ram 
the  ambient e l e c t r o l y t e  of the  negative p l a t e  f a l l s  below the  r a t e  of 
z incate  d i f fus ion  i n  the separa tor .  Once the  overpoten t ia l  i s  s u f f i -  
c i e n t l y  high f o r  zinc deposi t ion t o  occur i n  the  membrane, the  r a t e  Of 
zinc growth i n  the  membrane w i l l  be determined by the  concentration 
and d i f f u s i v i t y  of z inca te  i n  the  membrane. 
period, the  d i f f u s i v i t y  of z incate  i n  var iaus  separa tors  was determined. 
The separators  inves t iga ted  were C-19 (YEC), PUDO-300 (DuPont), 
Ser ies  Z ( R e A o I e ) ,  PVA (Monosol polyvinylalcohol) C - 3  and 9107/5 
(Borden Chemical Co.). 
t i o n  by a p o t e n t i o s t a t i c  method. 
During the  present  r epor t  
2.2 XH 
The membranes were screened f o r  zinc penetra- 
2. TECHNICAL DISCUSSION 
2 .1  Absorption Isotherms of Zincate i n  Separators 
The zincate  absorption s tud ie s  were extended t o  include Radiation 
Applications, Inc.  2.2XH (Series  2)  membranes i n  4476 KOH and Du Pont 
PUDO 300 i n  44% KOH sa tura ted  with BC-610 Emulphogene (General Aniline 
& Film Co. ) The experimental procedures a r e  described elsewhere. (1) 
Figure 1 shows a p l o t  of the  concentrat ion of absorbed z inca te  
per l i t e r  of absorbed KOH, versus the  concentrat ion of z inca te  i n  the  
ambient e l e c t r o l y t e  f o r  both separa tors .  
It can be seen t h a t  addi t ion  of Emulphogene E-610 t o  the  e l e c t r o -  
l y t e  does not a f f e c t  the  concentrat ion of absorbed z inca te  i n  FUDO-300. 
The 2.2XH mate r i a l  displays absorpt ion c h a r a c t e r i s t i c s  f o r  z inca te  
which a r e  s imi la r  t o  the  o ther  membranes t e s t e d  i n  this program (e.g. 
Cellophane). 
termined by the slope of the  p l o t  i n  Figure 1. 
The separa t ion  coe f f i c i en t  f o r  z inca te  i s  0.63, a s  de- 
Zincate Diffusion i n  Separators 
Since the  rate of diffusion of z incate  t o  a growing dendri te  
i n  a separator  w i l l  determine the  r a t e  of growth through t h e  
separator ,  it i s  important t o  know the  zincate  d i f f u s i v i t y  i n  the  
separator .  The d i f f u s i v i t y  of z incate  was determined f o r  the  
following separators:  Du Pont PUDO-300, Yardney E l e c t r i c  Corp. 
Ag t r ea t ed  PUDO-300 (C-lg), Borden Chemical Co. C - 3  and 9107-5, 
unplast ic ized polyrinylalcohol (Monosol PVA, General Film Corp. ) 
and Radiation Applicatiolss, Inc graf ted  polyethylene (2.2XH Ser ies  2)  
The above separators  were cu t  i n t o  pieces  3" x 3" and soaked 
The f o r  th ree  days i n  44% K9H so lu t ion  containing 1.0 M z inca te .  
separa tors  were then d r i e d  by toweling and mounted i n  a two- 
compartment d i f fus ion  c e l l  (see Figure 2 ) .  
d i f fus ion  c e l l  was f i l l e d  with 17 cc 44% KOH + 1.0 M ZnO, while the  
other  compartment was f i l l e d  with 17 QC of 44% KOH. 
were made f o r  s t i r r i n g  the so lu t ion  on the  zincate  d i l u t e  s ide  
of t h e  membrane by bubbling pu r i f i ed  ni t rogen through a cap i l l a ry .  
Samples of the so lu t ion  (0.2 c c )  were removed from the zincate- 
d i l u t e  compartment per iodica l ly .  The samples were dissolved i n  a 
so lu t ion  containing lN NH4 OH + 7N J!iH4Cl (50 cc )  . The ammoniacal 
z inc so lu t ion  was then analyzed polarographically.  The amount of 
z incate  t h a t  had penetrated t h e  sample was determined. 
were made t o  take i n t o  account the volume of t h e  samples removed. 




Dif fus iv i ty  measurements were a lso  &$d fOr PUDO-300 and C-19 
5.n 7 ,  
i n  31% KOH. 
+ 0.6 M ZnO. In the d i f fus ion  c e l l  the ambient on the  zinc r i c h  
s ide  of the membrane was 31% KOH + 0.6 M ZnO, while the  e l e c t r o l y t e  
on the  zinc d i l u t e  s ide  of the membrane was 31% KOH. 
I n  t h i s  case, the membranes were soaked i n  31$ KOH 
The reason f o r  presoaking the  membranes i n  z incate  so lu t ions  
instead of pure KOH was t o  el iminate  any z inca te  absorption e f f e c t s  
i n  the  membranes during measurements. 
such e f f e c t s  could i n t e r f e r e  w i t h  the  measurement of the  z inca te  d i f fu-  
s i v i t y  i n  the membrane. 
The p o s s i b i l i t y  e x i s t s  t h a t  
Figure 3 shows a schematic representa t ion  of the  concentrat ion 
p r o f i l e  f o r  z incate  t h a t  i s  encountered i n  these measurements. The 
permeation process cons i s t s  of t he  f o m w i n g  s teps :  
1. Transfer of z incate  f r o m t h e  e l e c t r o l y t e  a t  x=O t o  t he  membrane 
a t  x=O. 
2. Diffusion of z incate  through the  separa tor  from x=O t o  x=L. 
3. Transfer of z incate  f r o m t h e  membrane a t  x=L t o  the  e l e c t r o l y t e  
a t  x+L. 
Our previous work(’) shows t h a t  the  concentrat ion of z inca te  
M ins ide  the  membrane a t  x=O (Co)  is  not  equal  t o  the  concentrat ion of 
z incate  i n  the ambient e lec t . ro ly te  a t  x=O (Co)e E The r e l a t ionsh ip  
between these two parameters i s  
Ct = kCt Equation 1 
Other work i n  t h i s  laboratory shows t h a t  the  r a t e  of permeation of 
3 
z inca te  through c e l l u l o s i c  membranes i s  inversely proportional- 
t o  t h e  thickness of t he  membranes. Thus, it can be concluded 
t h a t  the  d i f fus ion  process i s  t h e  rate determining s t e p  i n  th?  
permeation process.  
penetrated a membrane, then t h e  f l u x  of z incate  (J) i s :  
I f  Q i s  the  quant i ty  of z inca te  t h a t  has 
L Equation 2 
A t  J =  
where A is  t h e  area through which the  penetrat ion takes  place 
and t i s  t h e  time f o r  t he  quant i ty  (Q) t o  penetrate .  Also, 
J =  
E where CL i s  
x=L, L ,  the  
Equation 3 P E  E 
L 
- (co  - CL) 
the  concentration of z inca te  i n  the  e l e c t r o l y t e  at, 
membrane th ickness ,  and P ,  t h e  permeation constant 




J = %  
DCM J =  o -
L 
E - DkC, 
L 
- -  
Combining Equation 2 and 
QL 
D =  g 




Equation 6 gives  
Equation 7 
Figures 4-7 give p l o t s  of Q versus  t f o r  t h e  var ious membrt i l ia- : : l~  
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D and k values a r e  not given f o r  t h e  Borden Co. mater ia l  #9107/5. 
This membrane i s  a t r i p l e  laminate and k values are not known f o r  the 
various components of the  laminate. 
The zincate  d i f f u s i v i t i e s  i n  the  membranes a r e  one t o  th ree  " Y -  
ders  of magnitude lower than the  d i f f u s i v i t y  i n  f r e e  e l e c t r o l y t e .  
Figure 8 gives a p l o t  of t h e  d i f f u s i v i t y  of z inca te  i n  the  various 
membranes versus t h e  membrane conduct iv i t ies  i n  t h e  e l e c t r o l y t e .  11, 
can be seen t h a t  t h e  r e l a t ionsh ip  between z inca te  d i f f u s i v i t y  and 
membrane conductivity i s  roughly l i n e a r .  Both parameters a r e  
r e l a t e d  t o  the  pore s i z e  i n  the  membranes; hence, t h e  d i r e c t  r e l a t ion -  
ship.  I n  t h e  case of z incate  d i f fus ion  i n  f r e e  e l e c t r o l y t e ,  t h e  ratio 
of the  zincate d i f f u s i v i t y  i n  31% KOH t o  t h a t  i n  44% KOH w a s  4.65. 
I n  t h e  case of c e l l u l o s i c  membranes (PUDO-300 and C - 1 9 )  t h e  r a t i o  is 
2.26. 
proper t ies  i n  determining t h e  z inca te  d i f f u s i v i t y ,  
This r e s u l t  demonstrates t he  importance of t h e  membrane 
2.3 Zinc Penetrat ion of Separators  Under P o t e n t i o s t a t i c  Conditions 
During t h i s  repor t ing  per iod,  t h e  pene t ra t ion  of separa tors  WELS 
invest igated under p o t e n t i o s t a t i c  condi t ions.  Figure 9 shows an 
exploded view of t h e  zinc pene t ra t ion  t e s t  c e l l .  The e l e c t r i c a l  
c i r c u i t  i s  shown i n  Figure 10 .  
'The t e s t  procedure i s  as follows: 
The separa tor  under t e s t  and a sheet  of Viskon paper are soak.$ $ 1  
f o r  at l e a s t  24 hours i n  44% KOH containing 81 grams of ZnO pe r  l i l . ,  
The c e l l  is  assembled as shown i n  Figure 9.  
1 M ZnO) i s  added and t h e  zinc e lec t rode  i s  p o t e n t i a s t a t t e d  at t h e  
E l e c t r o l y t e  ( 4 4 %  KOH 7 
6 
des i red  p o t e n t i a l .  
pene t ra t ion  of t h e  membrane i s  1.3 V t o  1.5 V. 
vo l tage  drops by 0 .1  V t o  0.5 V. 
method were as follows: PUDO-300 (Du Pont ) ,  s i l v e r  t r e a t e d  PUDO-300 
(YEC C-19), C-3 and 9107-5 (Borden Chemical Co.), and 2.2XH Ser i e s  2 
(Radiation Applications , Inc. ) . 
The voltage between t h e  platinum screen p r i o r  t o  
A t  pene t ra t ion ,  t h e  
The separa tors  t e s t e d  by t h i s  
A l l  of t hese  separa tors  were t e s t e d  a t  -200 mV and -150 mV 
with respec t  t o  t h e  r eve r s ib l e  zinc p o t e n t i a l .  I n  a l l  cases ,  zinc 
pene t ra t ion  through t h e  separator occurred i n  l e s s  than 60 minutes. 
The time t o  zinc pene t ra t ion  var ied  considerably and was very 
i r reproducib le .  A t  t h e s e  p o t e n t i a l s ,  w e  have considerable hydrogen 
evolution on t h e  zinc.  Apparently, t h e  s t i r r i n g  caused by t h e  hydrogen 
gassing va r i ed  t h e  a v a i l a b i l i t y  of z inca te  at t h e  zinc e lec t rode  and 
t h u s ,  l e d  t o  v a r i a t i o n s  i n  t h e  t o  zinc pene t ra t ion .  The important 
f a c t ,  however, w a s  t h a t  i n  a l l  cases t h e  deposit  w a s  dendr i t i c  and t h a t  
pene t r a t ion  occurred. The deposits were checked under t h e  microscope. 
The depos i t s  cx t s ide  t h e  meEbranes cons is ted  of heavy nodular zinc 
dendr i t e s ,  while t h e  deposits i n  t h e  membranes cons is ted  of f i n e  
fe rn- l ike  depos i t s .  The d i f fe rences  i n  t h e  depos i t s  were due t o  t h e  
d i f fe rences  i n  t h e  mass t ranspor t  parameters for z inca te  i n  t h e  f r e e  
e l e c t r o l y t e  and i n  t h e  separa tors .  Tests were conducted on C-19 
separa tor  at, -100 mV and -75 mV. A t  -LOO mV t h e  zinc depos i t  w a s  a 
mixture of mossy zinc and dendr i t i c  zinc.  Zinc penet ra t ion  of t h e  
separa tor  occurred after 14 hours.  
zinc were deposited, but no penet ra t ion  of t h e  separa tor  occurred after 
A t  -75 mV, copious q u a n t i t i e s  of 
7 
a per iod of 36 hours. The deposi t  i n  t h i s  case w a s  mossy zinc.  No 
dendri tes  were found. The zinc deposi t  forced t h e  membrane aga ins t  
t h e  platinum screen. 
seen on the  separator .  However, no penet ra t ion  occurred. 
The imprint of  t h e  platinum screen could be 
Since no dendr i tes  were found, it is  evident t h a t  t h e  deposi t ion 
occurred under ac t iva t ion-cont ro l led  condi t ions.  The f a c t  t h a t  no 
dendri tes  were found i n  t h e  deposi t  confirms t h i s .  A t  a p o t e n t i a l  
where w e  have ac t iva t ion  con t ro l  of zinc deposi t ion,  t he  rate of z inc 
deposit ion w i l l  depend on t h e  a c t i v i t y  of z inca te  i n  t h e  ambient e lec-  
t r o l y t e  and t h e  energy of ac t iva t ion  f o r  t he  zinc deposi t ion process.  
The absorption t e s t s  ind ica t e  t h a t  t h e  a c t i v i t y  of zinc i n  t h e  mem- 
branes i s  lower than t h a t  i n  t h e  f ree  e l e c t r o l y t e .  Furthermore, 
t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  i n i t i a l  s ta te  of t h e  z inca te  ion  i n  
t h e  membrane d i f f e r s  from t h a t  i n  t h e  f ree  e l e c t r o l y t e .  I n  such a 
case,  t h e  ac t iva t ion  energy f o r  t h e  deposi t ion process would be d i f -  
f e r en t  i n  t h e  separa tor  than i n  t h e  f ree  e l e c t r o l y t e .  These two 
f a c t o r s  would explain t h e  absence of z inc  pene t ra t ion  i n  C - 1 9  under 
act ivat ion-control led condi t ions.  
I n  the  case of C-3 a t  -100 mV, no pene t r a t ion  occurred over a 
per iod of 54 hours. 
zinc deposi t ion.  However, t h e  f l u x  of z inca te  from the  C-3 i s  very 
small, as indica ted  by t h e  d i f f u s i v i t y  measurements. The small, s teady  
s t a t e  current  obtained f o r  C-3,  as compared w i t h  t h a t  f o r  C-19, bears  
t h i s  ou t .  This s m a l l  f l u x  of z inca te  w a s  inadequate t o  i n i t i a t e  t h e  
growth of a dendr i te  i n  t h e  C-3.  
Here we had d i f fus ion-cont ro l led  condi t ions f o r  
8 
These tes t s  w i l l  be continued and t h e  p o t e n t i a l  below which no 
penet ra t ion  occurs w i l l  be determined f o r  t h e  various separa tors .  
2 .4  Controlled P o t e n t i a l  Cut-Off f o r  Silver-Zinc Cells 
The f a c t  t h a t  it appears t h a t  t h e r e  i s  a c r i t i c a l  p o t e n t i a l  below 
which no zinc pene t ra t ion  through t h e  separa tor  w i l l  occur, o f f e r s  
i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  t h e  charge con t ro l  of s i lver -z inc  c e l l s .  
During t h e  las t  repor t ing  period we procured a scanner which w i l l  cu t  
o f f  c e l l s  on cha rgeye i the r  when t h e  c e l l  vo l tage  reaches a p a r t i c u l a r  
value or when t h e  zinc overvoltage reaches a c e r t a i n  p re se t  value. 
A t o t a l  of 36 1 0  AH s i lver -z inc  c e l l s  w a s  constructed f o r  t e s t  
on t h i s  program. The c e l l s  consisted of four p o s i t i v e s  and f i v e  
negatives.  
wrapped with f i v e  tu rns  of separa tor  and incorporated i n  t h e  c e l l  
packs with t h e  negatives i n  a normal "U" wrap. The c e l l  pack w a s  con- 
t a i n e d  i n  a p l a s t i c  case. A separa te  "U" ( a  reference e lec t rode  "TJ"), 
cons i s t ing  of t h r e e  t u r n s  of separa tor ,  w a s  a l s o  incorporated i n  t h e  
case.  A s i l v e r  e lec t rode  w a s  i n s e r t e d  i n  one arm of t h i s  "U" and a 
dry charged zinc e lec t rode  was i n s e r t e d  i n  t h e  o ther  a r m  of t h e  "U". 
The completed c e l l  case had four terminals:  a p o s i t i v e ,  a nega t ive ,  
a zinc re ference  te rmina l ,  and a te rmina l  f o r  t h e  s i l v e r  e lec t rode  
i n  t h e  re ference  e lec t rode  "U". 
t o  charge up t h e  reference e lec t rode  i f  it self-discharged. This c e l l  
group cons is ted  of s i x  groups of s i x  c e l l s  each. A l l  f a c t o r s  i n  each 
c e l l  were constant except t h e  separa tor .  The separa tors  incorporated 
i n  these  c e l l s  were PUDO-300 (Du Pont ) ,  C-19  ( Y E C ) ,  PVA (Monsanto 
The p o s i t i v e s  were enclosed i n  a W g  of non-woven nylon, 
This s i l v e r  e lec t rode  w a s  incorporated 
9 
"Monocell") , C-3 and 9107/5 (Borden Chemical Co. ) , and 2.2XH gra f t ed  
polyethylene (Radiat ion Applications,  I n c . ) .  
Preliminary tes t s  were made with t h i s  scanner on 1 2  c e l l s  (two 
The c e l l s  were cu t  o f f  a t  -150 mV with respect  t o  
The c e l l s  were charged a t  t h e  C/10 rate t o  t h i s  
from each group).  
t he  zinc reference.  
cut-cff  and discharged at t h e  C/2 ra te  f o r  one hour, 
pene t ra t ion  of t h e  separa tor  had occurred i n  a l l  c e l l s .  When t h e  
c e l l s  were cycled on t h i s  regime t h e  c e l l  vo l tage  always exceeded 
2,1 v o l t s  before  the  zinc reached -150 mV. 
pos i t i ves  and. negat ives  before  the  cut-off w a s  reached. Tests have 
been i n i t i a t e d  on a second batch of 12  c e l l s  (two from each group) ,  
using -75 mV as t h e  cut-off on t h e  zinc e lec t rode .  
cycle  the  c e l l  vol tage exceeded 2 . 1  V before  t h e  cut-off w a s  reached 
on t h e  zinc e lec t rode .  However, on subsequent cycles  t h e  zinc cut-  
o f f  w a s  reached before  the  c e l i s  reached 2.05 V.  The c e l l s  have now 
been cycled f o r  s i x  cyc le s -  
pos i t i ves  or negat ives  a f t e r  cycle #1. 
A f t e r  14 cycles ,  
Gassing occurred on ba th  
I n  t h e  f i r s t  
No gassing w a s  observed on e i t h e r  t h e  
I n  using t h e  zinc overvoltage as a cu t -of f ,  w e  charge up a l l  
t h e  ava i lab le  zinc oxide on t h e  f i r s t  charge. When a low zinc cut-  
o f f  i s  used ( e .g .  -75 mV) deposi t ion of z inc does not occur i n  t h e  
separa tor  and t h e  cut-off i s  reached when t h e  concentrat ion of Zinc 
i n  t h e  v i c i n i t y  of t h e  negative p l a t e  f a l l s  below a c e r t a i n  va lue .  
I n  t h e  case of t h e  -150 mV cut-off,  z inc  depos i t ion  occurs i n  t h e  
separator .  
through the  separa tor  from the  p o s i t i v e  compartment i s  reduced below 
The cut-off w i l l  not be reached u n t i l  t h e  f l u  of z inca te  
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a c r i t i c a l  value. 
deposit ion i s  reduced as i s  indicated by t h e  gassing on t h e  negative 
p l a t e .  This inef f ic iency  f o r  zinc deposit ion above -100 mV, toge ther  
with t h e  f a c t  t h a t  deposit ion occurs i n  t h e  membranes, permits t h e  si l-  
ver  e lec t rode  t o  come up t o  the  oxygen evolution p o t e n t i a l  on every 
charge. 
i ne f f i c i ency  i s  a t  a minimum and no deposit ion of zinc occurs i n  t h e  
separa tor .  The r e s u l t  is t h a t  a f t e r  t h e  f i r s t  charge t h e  s i l v e r  elec- 
t rode  w i l l  not reach the  gassing p o t e n t i a l  on charge. 
demonstrates t h e  inherent danger of us ing  t h e  c e l l  vo l tage  alone as 
t h e  cut-off f o r  s i lver -z inc  c e l l s .  In te r -e lec t rode  imbalance occurs 
i n  s i lver -z inc  c e l l s  with cycling. This imbalance r e s u l t s  i n  a build- 
up of zinc on t h e  negative p l a t e  which w i l l  eventually cause t h e  z inc  
e l ec t rode  t o  come up on charge before  t h e  usual cut-uff vo l tage  f o r  
t h e  s i lver -z inc  c e l l  i s  reached. Also, Oshe e t  a1 have found t h a t  
if a s i lver -z inc  c e l l  i s  l e f t  on discharged stand f o r  a per iod  of t i m e ,  
t h e  zinc e lec t rode  w i l l  po la r ize  on subsequent charges before t h e  
cut-off vo l tage  f o r  t h e  c e l l  i s  reached. 
Furthermore, above -100 mV t h e  e f f i c i ency  for zinc 
However, when a cut-off of -75 mV i s  used, t h e  p l a t i n g  
This r e s u l t  
3. SUMMARY AND CONCLUSIONS 
The absorption of zincate has been determined f o r  Radiation Appli- 
c a t i o n s ,  Inc.  2.2XH (Se r i e s  2 )  separa tor .  The absorption e f f e c t s  a r e  
s i m i l a r  t o  those of o ther  membranes t e s t e d  i n  t h i s  program. 




The d i f f u s i v i t y  of z incate  i n  the  various membranes has been 
determined. The d i f fus ion  coe f f i c i en t  f o r  t h e  various membranes i s  
approximately d i r e c t l y  proport ional  t o  t h e  conduct iv i t ies  of t h e  mem- 
branes i n  t h e  a lka l ine  e l e c t r o l y t e .  Both parameters a r e  apparently 
r e l a t e d  t o  t h e  pore s i z e s  of t h e  membranes. 
The penetrat ion of zinc through membranes has been inves t iga ted ,  
using a po ten t io s t a t i c  method. A t  t h i s  s t age ,  it appears t h a t  mem- 
branes having a low d i f f u s i v i t y  f o r  z incate  requi re  a higher overvolt-  
age f o r  penetrat ion t o  occur. 
an overvoltage i n  excess of 75 mV i s  required f o r  pene t ra t ion  t o  
occur. 
I n  t h e  case of c e l l u l o s i c  ma te r i a l s ,  
The cycl ing of c e l l s  on a scanner,  using -150 mV as a cut-off 
on the  zinc e lec t rode ,  r e su l t ed  i n  pene t ra t ion  of a l l  membranes a f t e r  
14 cycles.  Tests  a r e  now being conducted, using -75 mV as a cut-off 
f o r  t h e  zinc e lec t rode ,  These t e s t s  w i l l  be continued u n t i l  t h e  end 
of t h e  program. 
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